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CONSEQUENCES OF OCEAN SCALE HYPOXIA CONSTRAINED HABITAT 
FOR TROPICAL PELAGIC FISHES 
Eric D. Princel and C. Pbillip Goodyear2 
INational Marine Fisheries Service, Southeast Fisheries Science Center, 75 Virginia Beach 
Drive, Miami, Florida 33149 USA, E-11Ulil eric.prince@noaa.gov 
'1214 North Lalreshore Drive, Niceville. Florida 32578 USA 
ABSTRACT Large areas of cold hypoxic water occur as distinct strata in the eastern tropical Pacific and Atlantic 
oceans as a result of high productivity initiated by intense nutrient upwelling. Recent studies show that this stra-
tum restricts the depth distribution of tropical pelagic marlins, sailfish, and tunas in the eastern tropical Pacific by 
compressing the acceptable physical habitat into a narrow surface layer. This layer extends downward to a variable 
boundary defined by a shallow thermocline, often at 25 In, above a barrier of cold hypoxic water. The depth dis-
tributions of marlin and sailfish monitored with electronic tags and mean dissolved oxygen (DO) and 1emperature 
profiles show that this cold hypoxic environment constitutes a lower habitat boundary in the eastern tropical Pacific, 
but not in the western North Atlantic. where DO is not limiting. However. hypoxia-based habitat compression has 
not actually been demonstrated in the eastern tropical Atlantic Ocean, despite this region having similar oceano-
graphic features to the eastern tropical Pacific. This paper explores the possibility that habitat compression of tropi-
cal pelagic fishes exists in the eastro tropical Atlantic and examines possible consequences of this phenomenon. We 
used Atlantic-wide catches of yellowfin tuna (Thunnus albacares) as an example why habitat compression off west 
Africa could even1ually affect the tolal Atlantic stock. 
RESUMEN Extensas areas con aguas relativamente frias y bajo contenido de oxigeno (hypoxia) pueden ocurrir 
en el Pacifico y Atlantico Tropical oriental como resultado de alta productividad biologica en zona de upwelling. 
Estudios recientes demuestran que estos estratos restringen la distribucion vertical de species pelagicas tropicales 
como los martines, pez vela y atones en el Pacifico tropical oriental al comprimir el habitat de estas especies a una 
termoclina poco profunda, a menudo solo 25 m, sobre una barrera de agua fria y con bajo contentido de oxigeno. 
Las distribuciones vertical de marlines y pez vela monitoreadas con marcas eletronicas y perfiles de oxigeno dis-
uelto (00) y temperature muestran que este ambiente relativamente frio y bajo contenido de oxigeno constituye 
una barrera del habitat en el Pacifico tropical oriental, pero no el Atlantico Norte occidental donde el 00 no es 
limitante. La compresion del habitat basada en la hypoxia no se pudo demostrar en el Atlantico tropical oriental, a 
pesar de que esta region tiene caracteristicas oceanograficas similares a las del Pacifico tropical oriental. Este docu-
mento explora la posibilidad de la existencia de habitats comprimidos para especies de peces tropicales y examina 
las posibles consecuencias de este fenomeno. Utilizamos colectas de albacore (Thunnus albacores) como ejemplo 
del efecto de la compresi6n del habitat en la parte oeste de Africa y su efecto en el stock del Atlantico. 
Large areas of cold, oxygen-depleted (hypoxic) waters 
are permanent features of the eastern tropical Pacific and 
Atlantic oceans (!Ielly and Levin 2004), a result of intense 
nutrient upwelling (Cusbing 1969, Diaz 2001). Here we 
use electronic tags (Siebert and Nielson 2001) to show that 
these cold, bypoxic strata compress the acceptable physical 
habitat of marlin and sailfish into a shallow surface layer, 
with important ecological and fisheries consequences. 
Very little data exist to characterize the habitat depths of 
tropical pelagic billfishes and tunas, even though these fea-
tures are critical for monitoring population abundance, We 
investigated habitat depth of marlin and sailfish using popup 
satellite arcbival tags (pSAT, Siebert and Nielson 2(01). We 
monitored 19 billfish an aggregate of 801 d in western North 
Atlantic habitats where dissolved oxygen (DO) concentra-
tions are not limiting, and 13 billfish an aggregate of 429 
d in the eastern tropical Pacific, where hypoxic conditions 
are often as shallow as 25 m (Figure lA). We stratified the 
amount of time spent by each fish, and its deepest dive dur-
ing successive 6 hr periods into strata of :;; 50 In, > 50 In, 
> 100 and > 200m. Pacific billfish remained within the shal-
lowest strata, while Atlantic billfish were much more likely 
to venture deeper (Figure lB, a & b), Our analyses showed 
markedly different vertical habitat use (highly significant 
P < 0.(01) in the two studies areas. 
The spatial extents of acceptable habitats for some 
estuarine and shallow demersal reef fishes are known 
to respond to variation in DO (Eby and Crowder 2001, 
Stanley and Wllson 2004). Our findings show this phe-
nomenon also exists at a much larger scale for pelagic 
fishes in the tropical oceans. In our Pacific study area, DO 
levels (Fonteneau 1997, Prince and Goodyear 20061) of 
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Figare L (A) PadIk (A) andAo.ntic (8) buiD. dodf UftI .. ddIned by the dUpI .............. of eIedrmic tap depIoyM OD. bilHllh 
from poiIlt of ftleue (lrt.n) to when: the tep trPIumitted deta to the Argos IPteIlite system. (8) Proportion fI. time .t depth 
(.) PDd. proportion fI. rrcords with drna to depth (b). Atlentic end Padllc biIUl!h are denoted by red and bllle, I'I'.8pectiYdf. 
Solid ban lep:teseut ailIiIb. uul cn-............ ban dmote merliDL Error ben ere oae stenderd emu:. (C) Memnumobllernd 
deptba of merlin (.) PDd. saiIIl!h (b) during!llCCa!in: 6-hr iDternIs efter me.e (PriIu:e IIIld Goodyeer 2006). PeciIic obaerve-
tioos ere aboTe the Athmtic obllervatiomJ, lespeclite1y, 8IId llheded ereas denote Tariability (:t ODe abmdard error). Solid Iiaes 
represent the '·hour averep mpyjmgm depths 'risited by eecb. species. Repria.ted with permiasioD. from the JODI'IIPI. of Fisheries 
(lao ....... phy lS(6),451-464, 2006. 
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